surgical procedure is a matter of debate. Although decompression with arthrodesis reduces the motion of spinal segments that may cause pain, its use in isolated LSS has not been shown to produce superior outcomes to decompression alone and is generally not recommended in that particular setting. 2, 7, 15, 16, 20 Furthermore, arthrodesis has been associated with a higher rate of major postoperative complications, longer hospital stay, and greater use of health care resources compared with decompression alone. 2, 6, 17 Previous studies have shown that the decision to perform arthrodesis is determined largely by surgeon preference 10 and that it varies by geographic region. 13 Despite a lack of evidence to support its use and the undesirable effects it may cause, the use of arthrodesis for LSS treatment in the US for patients aged ≥ 65 years has risen substantially in recent years. 6 A similar trend has been observed in patients aged > 18 years in Australia. 17 However, it is unclear whether the trend toward an increased rate of arthrodesis for LSS is happening in working-age patients in the US and whether this potential increase in the number of complex procedures has similar adverse associations. Patients aged 40-64 years constitute a large proportion of the US workforce. Their share of the gross domestic product was estimated to be 30% in 2010. 12 Hence, more accurate assessment of the risks and benefits of arthrodesis for isolated LSS in this population may have far-reaching economic consequences.
Our goals were to identify temporal trends in the following: 1) the incidence of surgery for isolated LSS; 2) the type of surgery performed; 3) the complexity of LSS procedures; 4) the length of hospital stay, postoperative complication rates, and discharge status after surgical treatment of LSS, as well as the costs of surgical treatment of LSS; and 5) geographic variations in the type of surgery performed for LSS.
Methods
This research does not qualify as human subjects research and is subsequently exempt from institutional review board approval.
Patient Sample
Our patient sample was derived from inpatient and outpatient claims between 2010 and 2014 from the Truven Health Analytics MarketScan Commercial Claims and Encounters Database, which includes data on commercially insured members < 65 years of age. We included patients > 40 years of age with continuous 12-month insurance coverage after surgery. The International Classification of Diseases, Ninth Revision (ICD-9) code 724.02 was used to identify patients who underwent surgery for "spinal stenosis of the lumbar region" as the only principal diagnosis. We excluded patients with concomitant diagnoses such as scoliosis or spondylolisthesis.
Surgery Incidence and Type
The incidence of surgery was calculated as the proportion of patients who underwent LSS surgery to the total number of eligible enrollees during each 1-year period. 
Complications and Discharge Status
Inpatient medical complications were the following: cardiopulmonary resuscitation (ICD-9 code 9393 or 9960), endotracheal intubation (code 9604), cardiopulmonary arrest (code 4275 or 9971), acute myocardial infarction (code 410), respiratory failure (code 51881), pulmonary embolism (code 41511), pneumonia (code 482), stroke (code 99702), and wound infection or dehiscence (code 9981, 9983, 9985, or 8622). Patients were categorized as being discharged to home or to a skilled nursing facility (SNF).
Regional Analysis
Geographical regions were assigned according to the location of patient residence. 
Payments and Length of Hospital Stay
To estimate the use of health care resources, we analyzed payments made to the hospitals (as opposed to charges) in US dollars (USD) and the length of postoperative hospital stay in days. Inflation rates were adjusted according to the consumer price index, and all dollars were subsequently expressed in 2014 USD equivalents.
Statistical Analysis
Changes during the 5-year period in the characteristics and outcomes of patients who underwent surgery for LSS were assessed using multivariate regression models controlling for patient age and sex. Student t-tests were used to compare group means, and chi-square tests were used to compare proportions. Given the large sample size, care must be taken when interpreting statistically significant but not clinically important results. Statistical significance was set at p < 0.05. Statistical analyses were performed using Stata software, version 15 (StataCorp LP).
Results

Patient Sample
The annual incidence of LSS surgery (per 1000 people) ranged from a low of 1.2 in 2014 to a high of 1.8 in 2011 and 2012 (Table 1 ). In total, 20,279 patients underwent surgery for LSS and were included in the study. The mean (± SD) patient age was 56 ± 6 years, and 9001 patients (44%) were women. The proportion of women versus men undergoing LSS surgery did not change significantly over time (p = 0.082). Similarly, the mean Charlson Comorbidity Index (CCI) values were similar throughout the study period (p = 0.319). Although there was a statistically significant decrease in age over time, this difference was not clinically important (differences were -0.12, -0.19, and -0.06, p < 0.001)
Surgery Incidence and Type
Of the 20,279 patients, 8296 (41%) underwent decompression with arthrodesis (Table 1) . Compared with patients who underwent decompression only, patients who underwent decompression with arthrodesis were more likely to be women (51% vs 40%, p < 0.001) ( Table 2 ). The proportion of patients who underwent decompression with arthrodesis as opposed to decompression only increased significantly over time (OR 1.08, p < 0.001) (Fig. 1) . Similarly, arthrodesis was more likely to be complex rather than simple with each subsequent year (OR 1.4; 95% CI 1.33-1.49).
Complications and Discharge Status
During the study period, there was a significant increase in the likelihood of having a postoperative medical complication (OR 1.11, p = 0.013) (Table 3) . Similarly, the likelihood of being discharged to an SNF as opposed to home also increased significantly over time (OR 1.11, p = 0.005). Compared with decompression only, decompression with arthrodesis was associated with significantly higher rates of inpatient complications (1.9% vs 1.2%, p < 0.001) and discharge to an SNF (2.5% vs 1.4%, p < 0.001) ( Table 2) .
Geographic Variation
The proportion of patients who underwent decompression with arthrodesis versus decompression only for isolated LSS differed significantly by US geographic region (p < 0.001). The regions with the highest proportion of patients undergoing decompression with arthrodesis were the Midwest (42%) and South (48%), whereas the regions with the lowest rates of arthrodesis were the Northeast (36%) and West (31%). After controlling for age, sex, and CCI, patients were significantly more likely to undergo arthrodesis if they resided in the Midwest (OR 1.3, p < 0.001) or the South (OR 1.6, p < 0.001) compared with the Northeast (Fig. 2) .
Payments and Length of Hospital Stay
Mean hospital payments for LSS surgery increased significantly by a mean of US$1633 per year (95% CI 1327-1939, p < 0.001) ( Table 3) and were higher by almost fourfold for patients who underwent decompression with arthrodesis versus decompression only ($48,000 ± $35,000 vs $14,000 ± $13,000, p < 0.001) ( Table 2) .
Mean length of hospital stay did not change significantly during the study period (p = 0.187) (Table 3) ; however, it was significantly longer for patients who underwent decompression with arthrodesis versus those who underwent decompression alone (3.5 ± 3.5 vs 2.3 ± 2.6 days, p < 0.001) ( Table 2) .
Discussion
In our sample of US adults aged 40-64 years, the likelihood of undergoing arthrodesis for isolated LSS increased significantly from 2010 to 2014. These changes were accompanied by rising medical costs, higher complication rates, and increased rates of discharge to an SNF.
In 2010, Deyo et al. 6 reported an increase in the proportion of complex fusions among the US elderly population from 2002 to 2007. Our results similarly reflect a rise in the proportion of complex procedures for LSS in patients aged 40-64 years. A similar trend in the adult Australian population between 2003 and 2013 has been reported. 17 It is unclear what is causing the increase in the proportion of complex surgeries. We hypothesize that contributing factors may be financial incentives that are part of a changing physician reimbursement system, the influence of key opinion leaders, and the marketing of new surgical devices. 5 A worsening of patients' disease state over time or a change in disease severity seems implausible because the same ICD-9 diagnosis code for isolated LSS was used throughout the study.
The treatment approach for degenerative disease of the lumbar spine varies substantially by surgeon and specialty. 9, 10 However, complex procedures in the elderly are associated with high costs, complication rates, and readmission rates. 6 Although it might be plausible that younger patients better tolerate complex procedures, our results show that patients aged 40-64 years who underwent arthrodesis had significantly longer hospital stays, higher rates of inpatient complications, and higher payments by the insurance provider.
During the 5-year study period, the age, sex, and CCI of patients who underwent surgery for LSS did not change in a clinically important manner. However, patients who underwent decompression with arthrodesis were more likely to be women. The influences of patient sex on procedure choice remain unclear. The higher likelihood of undergoing arthrodesis for female patients may be supported by the notion that these decisions are based on surgeon preference, patient expectations, and cultural factors, as well as a possibly higher association of instability with LSS that might have been underestimated by ICD-9 coding. 19 The type of procedure performed for LSS in the US elderly population has been shown to differ by geographic location. 3, 23 Weinstein et al. 23 reported that arthrodesis rates among elderly patients were highest in many Mid- west and Southern states compared with the Northeast and the West. Our results support that finding in a younger population. Interestingly, the higher rates of arthrodesis in the South and Midwest compared with the West and Northeast were reported in 1994, 22 and this trend seems to persist. There is no evidence that the indication for surgery and subsequently the type of procedure performed varied by geographic location.
Given that patient and surgeon preferences have been shown to vary by geographic location, 8, 21 we believe that local training and variations in physician-patient interactions may have contributed to this variability.
This study has potential limitations, including those inherent in a retrospective design. We analyzed administrative claims data in which ICD-9 diagnostic and procedure codes were used, and such codes may lack the clinical specificity to represent disease states accurately. However, we believe that using the same ICD-9 codes consistently throughout the study addresses this limitation because it is unlikely that the same code would reflect more complex indications for surgery over time. Furthermore, we were unable to determine whether discharge to an SNF represented a change in living status or whether a given patient resided in an SNF before surgery. Another potential limitation is the use of payments as a proxy estimate of costs rather than assessing costs directly in the health care setting. Nevertheless, this is the first study to assess the trend and certain aspects of the associated burden of the surgical treatment of LSS in the working-age US population. We believe that these results identify an important trend in this age group in which outcomes can be very consequential.
Conclusions
Our results suggest a trend toward higher rates of arthrodesis and complex procedures for the treatment of isolated LSS, especially in the South and Midwest of the US. These surgeries were associated with more complications, higher payments, and a longer hospital stay. Given the lack of strong recommendations for the treatment of this disease, 16 further prospective studies and a thorough review of the current guidelines 11 are needed to define a new and clearer standard of care.
